The role of small molecule Kit protein-tyrosine kinase inhibitors in the treatment of neoplastic disorders.
The Kit proto-oncogene was found as a consequence of the discovery of the feline v-kit sarcoma oncogene. Stem cell factor (SCF) is the Kit ligand and it mediates Kit dimerization and activation. The Kit receptor contains an extracellular segment that is made up of five immunoglobulin-like domains (D1/2/3/4/5), a transmembrane segment, a juxtamembrane segment, a protein-tyrosine kinase domain that contains an insert of 77 amino acid residues, and a carboxyterminal tail. Activating somatic mutations in Kit have been documented in various neoplasms including gastrointestinal stromal tumors (GIST), mast cell overexpression (systemic mastocytosis), core-binding factor acute myeloid leukemias (AML), melanomas, and seminomas. In the case of gastrointestinal stromal tumors, most activating mutations occur in the juxtamembrane segment and these mutants are initially sensitive to imatinib. As with many targeted anticancer drugs, resistance to Kit antagonists occurs in about two years and is the result of secondary KIT mutations. An activation segment exon 17 D816V mutation is one of the more common resistance mutations in Kit and this mutant is resistant to imatinib and sorafenib. Type I protein kinase inhibitors interact with the active enzyme form with DFG-D of the proximal activation segment directed inward toward the active site (DFG-Din). In contrast, type II inhibitors bind to their target with the DFG-D pointing away from the active site (DFG-Dout). Based upon the X-ray crystallographic structures, imatinib, sunitinib, and ponatinib are Type II Kit inhibitors. We used the Schrödinger induced fit docking protocol to model the interaction of midostaurin with Kit and the result indicates that it binds to the DFG-Din conformation of the receptor and is thus classified as type I inhibitor. This medication inhibits the notoriously resistant Kit D816V mutant and is approved for the treatment of systemic mastocytosis and is effective against tumors bearing the D816V activation/resistance mutation.